To the Editor:
Seasonal peaks in asthma exacerbations are well described, as is the age-dependent nature of the magnitude of these peaks [1] . Children with asthma experience seasonal peaks in exacerbation frequency, which vary according to geographical location and climate [1] [2] [3] . Previous studies have examined the effect of season on the efficacy of pharmacological interventions. The anti-immunoglobulin-E monoclonal antibody omalizumab showed an increase in treatment benefits compared with placebo in the autumn and spring versus summer months in children, adolescents and young adults with allergic asthma in the USA [4] . In contrast, the anti-interleukin-5 monoclonal antibody mepolizumab showed no effect of seasonal differences in adolescents and adults with severe eosinophilic asthma [5] .
To further investigate the seasonal effects of treatment on asthma exacerbations, we performed a post hoc analysis of two large asthma clinical studies: one in children (VESTRI; clinicaltrials.gov NCT01462344) and another in adults/adolescents (AUSTRI; clinicaltrials.gov NCT01475721). These safety studies evaluated the risk of a serious asthma-related event following administration of the inhaled corticosteroid (ICS) fluticasone propionate (FP) in combination with the long-acting β 2 -agonist (LABA) salmeterol (FP/ SAL) in patients with persistent asthma, compared with FP alone [6, 7] .
VESTRI was an international, randomised, double-blind, 26-week trial that evaluated the safety and efficacy of FP/SAL versus FP alone in 6208 children [6] . VESTRI included patients (aged 4-11 years) with a diagnosis of asthma who had consistently used asthma medication during the 4 weeks preceding study entry and had a history of asthma exacerbations during the previous 12 months. No numerically higher risk of composite safety end-point events (death, endotracheal intubation and hospitalisation (all asthma-related); primary end-point) was observed with FP/SAL versus FP (HR 1.28; 95% CI 0.73-2.27). Patients receiving FP/SAL had numerically fewer severe asthma exacerbations than those receiving FP alone (HR 0.86; 95% CI 0.73-1.01) [6] .
AUSTRI was an international, randomised, double-blind, 26-week trial conducted in 11 679 patients with asthma (11% were adolescents) [7] . Eligible patients had a diagnosis of persistent asthma which required daily medication for asthma control, and a history of ⩾1 severe asthma exacerbation in the year prior to study entry. The primary end-point was non-inferiority between FP/SAL and FP alone on the composite safety end-point. Patients receiving FP/SAL did not have a numerically higher risk of composite safety endpoint events than those receiving FP alone (HR for the time-to-event analysis 1.03, 95% CI 0.64-1.66) [7] . Fewer patients receiving FP/SAL had a severe asthma exacerbation versus those receiving FP alone (HR 0.79, 95% CI 0.70-0.89; p<0.001) [7] .
In this post hoc analysis of VESTRI and AUSTRI, the outcome of interest was the seasonal incidence of severe asthma exacerbations and the seasonal variation in the effect of the addition of SAL to FP. A severe exacerbation was defined as an asthma deterioration that required glucocorticoid treatment for a minimum of 3 days (both studies), or a hospital or emergency department visit that was asthma related and led to the use of systemic glucocorticoids (AUSTRI), or a depot injection of glucocorticoids (VESTRI) [6, 7] . Enrolment in both studies took 2-3 years, with a comparable number of subjects exposed in each season (autumn: n=4542 and n=8463; winter: n=4204 and n=7526; spring: n=4567 and n=8202; and summer: n=4501 and n=8422 for VESTRI and AUSTRI, respectively).
Summaries of population characteristics were based on the intent-to-treat population, comprising all randomised patients who received ⩾1 dose of study drug [6, 7] . Efficacy data were collected only until discontinuation of the study drug; as such, efficacy analyses are presented using the modified intent-to-treat population. The relative risk of exacerbations per season was based on the proportion of patients reporting ⩾1 exacerbation during that season. Seasons were defined based on calendar month and the hemisphere and country in which the data were recorded. An asthma exacerbation was assigned to the season in which the onset of the exacerbation occurred. As such, a patient with an asthma exacerbation onset in more than one season would be counted as having an asthma exacerbation in each of those seasons. Anonymised individual participant data and study documents can be requested for further research from www.clinicalstudydatarequest.com
In VESTRI, the percentage of patients in the FP alone arm who experienced an exacerbation was 4.43% in autumn, 4.86% in winter, 3.72% in spring and 2.17% in summer (figure 1a). In two of the four seasons, there were numerically fewer patients with an event in the FP/SAL arm than the FP arm ( p=0.019 in the winter (autumn: RR 0.79, 95% CI 0.59-1.05; winter: RR 0.70, 95% CI 0.52-0.95; spring: RR 0.99, 95% CI 0.73-1.32; and summer: RR 1.11, 95% CI 0.76-1.63)).
The percentage of patients in the FP alone arm in AUSTRI who experienced an exacerbation was 4.66%, 5.12%, 3.30% and 2.96% in autumn, winter, spring and summer, respectively (figure 1b). In autumn and winter, there were fewer events ( p=0.004 and p=0.034, respectively) in the FP/SAL arm than the FP arm (autumn: RR 0.74, 95% CI 0.60-0.91; winter: RR 0.80, 95% CI 0.65-0.98; spring: RR 0.89, 95% CI 0.7-1.14; and summer: RR 0.83, 95% CI 0.64-1.07).
In both studies, there was a seasonal effect on the severe exacerbation rate, with higher rates observed in autumn and winter compared with spring and summer. The beneficial effects of FP/SAL versus FP on exacerbation risk in children (VESTRI) had a marked seasonal difference, with a 30% risk reduction in winter. In AUSTRI, there was a 26% and 20% reduced exacerbation risk favouring FP/SAL versus FP in the autumn and winter, respectively.
The seasonal variation in the treatment benefit seen in VESTRI has similarities to that observed for omalizumab in children with asthma during autumn and spring [4] . Taken together, these findings suggest that some pharmacological interventions may have enhanced effects during some of the seasons. These data have implications for the design of future studies, highlighting the need to include allowances for potential seasonal effects.
Reasons for the observed seasonal effects can only be the subject of speculation, but may be related in part to the increase in exacerbations seen during autumn and winter and the greater opportunities to observe effects of medication during those seasons. Evidence has previously suggested that ICS/LABA provides significantly greater protection against virally induced asthma exacerbations than ICS alone [8] .
A limitation of these analyses is the use of a 6-month treatment period rather than a 12-month period, which would have spanned all seasons for each participant. Additionally, climatological differences, seasonal patterns and weather variabilities exist between some of the countries (31 in VESTRI and 33 in AUSTRI) and their regions (spanning North America, Europe, Latin America, South Africa, Asia and Australia) covered by the studies [6, 7] ; however, the proportion of patients from countries with variable seasonal and weather patterns was small and is unlikely to have affected the overall outcomes. A further limitation is the lack of spirometry and biomarker measurements to further assess the effect of treatment.
In summary, the present post hoc analysis of two large safety studies suggests that the combination of ICS/ LABA plays a role in reducing the seasonal variation in severe exacerbation rates in children and adults compared with ICS alone. Previous studies that averaged exacerbation rates over all seasons are likely to have underestimated treatment benefits in winter and overestimated benefits in summer. In patients who have had an exacerbation in the prior year, a step-up approach from ICS to ICS/LABA may be effective for reducing the risk of an exacerbation in the following year. Alternatively, if there is a history of a seasonal exacerbation in prior years, a step-up approach with ICS/LABA could be started prior to that season. 
